S2

Materials and methods
Instrumentation
High-resolution mass spectrometry was performed using either Bruker Daltronics UltrafleXtreme (MALDI-TOF) or MicrOTOF II (ESI-TOF) mass spectrometers. 1 H and 13 C NMR experiments were performed using either a 400 MHz Varian VNMR 400, a 500 MHz Bruker 500 NMR spectrometer with CryoProbe or a 500 MHz Varian VNMRS500 for 2D NOESY experiments, and referenced to deuterated solvents. UV/Vis experiments were performed using a Shimadzu UV 2600 spectrophotometer with integrating sphere attachment. Spectra were recorded using a 1mm path length quartz cuvette due to strong absorbance of the samples. Temperature-dependent UV/Vis experiments were performed on a Perkin-Elmer Lambda 35 spectrophotometer with a Peltier temperature controller, using 1 mM aqueous solutions and a 1 mm quartz cuvette. Spectra of solvent baselines were subtracted from the data. Circular dichroism and linear dichroism spectra were recorded using a Jasco J-810 spectropolarimeter.
For CD, a quartz sandwich cell with an approximate pathlength of 0.1 mm was used due to the high intensity of absorbance of the samples. For LD, a micro-volume quartz Couette flow cell with annular path length of 0.25 mm. was used. CD and LD spectra were recorded in Milli-Q ultrapure deionised water. LD spectra were processed by subtraction of non-rotating baseline spectra. All spectra were obtained at room temperature unless otherwise stated. Fluorescence spectra were obtained using a Hitachi F-7000 spectrofluorometer, using a cuvette with 1 cm path length, with the temperature controlled at 25 °C for all experiments. 10 µL of a 0.5 mg/mL pyrene solution in acetone was added to 900 µL EB TANI-PTAB aqueous solutions with different concentrations. After sonicating for 10 min, the pyrene emission band (between 360 and 450 nm excited at 337 nm) of each solution was recorded. The CMC was chosen as the concentration where the pyrene exhibited an apparent decrease in the I373nm/I383nm ratio (denoted as I1/I3) with increasing concentration.
Atomic force microscopy was performed using either a Bruker Multimode 8 AFM with a Nanoscope V controller and PeakForce feedback or a Bruker Multimode AFM with a Nanoscope III controller in tapping-mode. Samples were drop-cast onto freshly cleaved HOPG surfaces and excess solution was wicked off using filter paper. Images were recorded after drying the sample in ambient conditions and processed using Bruker Nanoscope Analysis software.
Transmission electron microscopy images were recorded using a JEOL 1200 TEM MK2 with a tungsten filament, operated at a frequency of 120 kV and equipped with MegaView II digital camera using Soft Imaging Systems 3.0 image software. Samples were drop-cast onto Formvar-coated 150 mesh copper grids and blotted with filter paper before drying in air. Uranyl acetate (1%, aq.) was then applied and blotted with filter paper after 30s, then the sample allowed to dry in ambient conditions. Cryo-transmission electron microscopy (cryo-TEM) imaging was carried out using a JEOL JEM 3200FSC field emission microscope operated at 300 kV in bright field mode with Omegatype Zero-loss energy filter. The images were acquired with Ultrascan 4000 CCD camera (Gatan) and with Gatan Digital Micrograph software (version 1.83.842), while the specimen temperature was maintained at -187 °C. Vitrified samples were prepared using FEI Vitribot placing a 3 μL sample solution on 200 mesh lacey carbon copper grids under 100% humidity, then blotted with filter paper 0.5-1.5 s and immediately plunged to -170 °C ethane/propane mixture and cryotransferred to the microscope.
X-ray scattering data were collected on a Ganesha SAXS/WAXS instrument (SAXSLAB) at room temperature over a Q-range of 0.001< Q <0.7 Å -1 . Samples were loaded into quartz capillaries (Gulmay Scientific) and sealed with epoxy. Data were collected over an exposure time of 3 hours and background-corrected with water. Data analysis was performed using SASFit.
Polarising optical microscopy images were collected using an Olympus BX50 microscope fitted with an Olympus C-5060 digital camera.
Conductivity measurements were made using a custom-built 4-point probe station with a Keithley 2401 low voltage sourcemeter. Substrates were prepared by sputtering 50 nm thick gold electrodes in a collinear 4-point probe configuration onto a quartz substrate through a custom-made mask. Electrode separations were 0.25mm. Films were spin-coated onto these electrode-bearing quartz substrates, and film thickness was measured after resistance measurements by scratching the film and imaging using AFM. CSA-doped solutions were prepared by dissolving solid EB TANI-PTAB of the required mass in ultrapure deionised water with the aid of ultrasonication and vortex mixing, followed by adjustment to the correct concentration and acid doping by addition of the required volume of a given concentration of CSA in aqueous solution to achieve a 2:1 acid: TANI-PTAB molar ratio in solution.
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Synthesis of EB TANI-PTAB
Scheme S1 -Synthesis pathway for TANI precursor
Synthesis of TANI precursor
Activated molecular sieves (100 g, 3Å) were added to a solution of N-phenyl-p-phenylene diamine (1.05 eq, 27.65 g, 150 mmol) and benzophenone (1 eq, 25g, 135 mmol) in toluene (150 mL) under nitrogen atmosphere. The mixture was refluxed for 24 hours and a strong yellow colour developed. The sieves were removed, washed with THF and combined with the toluene mixture. The solvent was removed to give a brown oil that solidified into a bright yellow solid when methanol (100 mL) was added. The suspension was filtered and the filtrate concentrated, and filtered again. The combined solids were recrystallized from methanol to yield yellow crystals; with concentration of the mother liquor yielding a second crop (70 % yield). 1 
tert-butyl (4-((diphenylmethylene)amino)phenyl)(phenyl)carbamate (2)
To a solution of 1 (1 eq.) in THF under a nitrogen atmosphere was added di-tert-butyl dicarbonate (1.2 eq.) and dimethylaminopyridine (0.1 eq.). The solution was refluxed for 24hrs, after which time the mixture was allowed to cool to room temperature and ethanol (2x volume of THF) was added. The mixture was cooled in the fridge overnight and filtered, yielding fine pale-yellow needles. Concentration of the filtrate yielded a second crop of crystals (78% yield 
tert-butyl (4-bromophenyl)(4-((diphenylmethylene)amino)phenyl)carbamate (3)
To a solution of 2 (1 eq, 500 mg, 1.11 mmol) in dichloromethane (10 mL) was added tetrabutylammonium tribromide (1.1 eq.) in one shot. The mixture was stirred at room temperature for 1 hour before sodium sulfite (aq., 22%, 5 mL) was added. The mixture was stirred a further 30 minutes at room temperature before sodium hydroxide (2 M, 5 mL) was added with stirring. The mixture was then separated and the organic phase washed with deionised water (3 x 20 mL) followed by drying over anhydrous MgSO4. The solvent was evaporated and ditert-butyl dicarbonate (1.1 eq) and dimethylaminopyridine (0.1 eq) were added to the residue. The mixture was taken up in THF (100 mL) and refluxed overnight. After cooling to room temperature, ethanol (200 mL) was added and the mixture was cooled in the fridge. Filtration, followed by concentration of the mother liquor to recover a second crop yielded the product as fine pale-yellow needles (69 % yield 
tert-butyl (4-aminophenyl)(phenyl)carbamate (4)
To a solution of 3 (1 g, 2.23 mmol, 1 eq) in a THF-methanol mixture (1:2.5, respectively) was added ammonium formate (12 eq., 1.68 g, 26.8 mmol) and palladium on carbon (10 % Pd by weight, 2.5 mol% Pd vs. 3, 60 mg) under a nitrogen atmosphere. The mixture was refluxed for 24 hours, after which time completion was confirmed by TLC (1:1 ethyl acetate:n-hexane). The reaction was cooled to room temperature and the solvent removed. The residue was taken up in dichloromethane (50 mL) and filtered through a plug of celite. The celite was washed with DCM and the filtrate evaporated. The residue was stirred in n-hexane (150 mL) for 1 hour followed by filtration and washing with hexane to yield the product as an off-white powder (96 % yield 
tert-butyl (4-((tert-butoxycarbonyl)(4-((tert-butoxycarbonyl)(4-((diphenylmethylene)amino)phenyl)amino)phenyl)amino)phenyl)(phenyl)carbamate (5)
To a pre-dried Young's tap Schlenk tube was added 3 (5g, 9.48 mmol, 1eq), 4 (3.23 g, 11.4 mmol, 1.2 eq), Pd(dba)2 (100 mg, 2 mol%), XPhos (90 mg, 2 mol%) and sodium tert-butoxide (1.82 g, 2eq). The reagents were protected under nitrogen and toluene (anhydrous, 100 mL) was added. The tube was sealed and heated at 110°C for 2 days, until complete consumption of 4 was observed by TLC. The reaction was allowed to cool to room temperature and filtered through celite, then all solvent removed. The residue was taken up in dichloromethane and washed with deionised water, followed by drying of the organic phase over MgSO4 and evaporation of the solvent. To the residue were added di-tert-butyl dicarbonate (1.3 eq) and dimethylaminopyridine (0.1 eq) and THF (100 mL), and the mixture was refluxed under nitrogen for 3 days. When complete, the solvent was removed and the residue washed with methanol and filtered to give the product as a pink-beige powder (65% yield). 1 
tert-butyl (4-aminophenyl)(4-((tert-butoxycarbonyl)(4-((tertbutoxycarbonyl)(phenyl)amino)phenyl)amino)phenyl)carbamate (6)
To a flask was added 5 (1eq), Pd/C (10% Pd content, 2mol%) and ammonium formate (10 eq). THF and methanol were added (in a ratio of 1:2.5, respectively) and the suspension was refluxed under nitrogen until TLC (1:1 ethyl acetate:n-hexane) confirmed completion (24hrs). The solvent was removed and the taken up in DCM, then filtered through celite and washed with DCM. The filtrate was evaporated and the residue stirred in hexane for 1 hour, followed by 1 hr. sonication, and then filtered to obtain the product as an off-white powder (86% yield). 1H NMR (500 MHz, DMSO-d6) δ 7.34 (t, J = 7. 
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tert-butyl (4-(6-bromohexanamido)phenyl)(4-((tert-butoxycarbonyl)(4-((tertbutoxycarbonyl)(phenyl)amino)phenyl)amino)phenyl)carbamate (7)
To an ice-cooled solution of 6 (500 mg, 0.75 mmol, 1 eq) in THF (anhydrous, 50 mL) in a flask under a nitrogen atmosphere and equipped with a dropping funnel was added triethylamine (5 eq, 380 mg). To this mixture was added dropwise a solution of 6-bromohexanoyl chloride (1.05 eq, 168 mg) in THF (10 mL) with stirring and ice cooling. Once addition was complete, the ice bath was removed and the solution allowed to warm up to room temperature. After TLC (1:1 ethyl acetate: n-hexane) confirmed consumption of the starting amine, the solvent was removed and the residue taken up in ethyl acetate. The organics were washed with HCl (1 M), NaOH (1 M) and brine before drying over MgSO4 and removing the solvent to yield the crude product as an off-white solid. This was purified by flash column chromatography (silica gel, 1:1 ethyl acetate:n-hexane) to yield the product as a white solid 7 (80% yield). 1 
6-bromo-N-(4-((4-((4-(phenylamino)phenyl)amino)phenyl)amino)phenyl)hexanamide (8a)
To a solution of 7 (400 mg, 0.47 mmol, 1 eq.) in anhydrous dichloromethane (40 mL) under a nitrogen atmosphere was added trimethylsilyliodide (0.34 g, 1.7 mmol, 3.6 eq.) dropwise. The mixture was stirred for 1 hour before anhydrous methanol (approx. 0.5 mL) was added dropwise causing precipitation of a pale solid. Methanol addition was stopped when no further precipitate was produced, and the mixture was stirred for a further 30 minutes. Triethylamine (1 mL) was added causing a pale purple colour to develop. This mixture was stirred for 15 minutes before centrifugation and washing with diethyl ether. After 3 washing and centrifugation steps, the supernatant was discarded and the off-white LEB-state Boc-deprotected solid product 8a was dried in vacuum overnight, and stored under an inert atmosphere (74% yield 
6-bromo-N-(4-(((1E,4E)-4-((4-(phenylamino)phenyl)imino)cyclohexa-2,5-dien-1-ylidene)amino)phenyl)hexanamide (8b)
The solid product 8a was used directly for oxidation to the EB state: 8a (150 mg, 0.28 mmol, 1 eq) was dissolved in DMF (15 mL). A solution of ammonium persulfate (1 eq.) in HCl (1M, aq., 10 mL) was added dropwise with stirring causing a dark green precipitate to develop. The mixture was stirred strongly for 30 minutes, followed by centrifugation to collect the precipitate. The precipitate was washed three times with acetone by centrifugation, and the solid was suspended in acetone (150 mL). Ammonium hydroxide (aq., 2M, 20 mL) was added causing the green mixture to turn dark purple, and the mixture stirred for 15 minutes. The acetone was evaporated under vacuum from the resulting solution leaving an aqueous suspension of a dark blue solid. This was centrifuged and washed extensively with water, followed by drying under vacuum to yield the EB state product 8b (94 % yield). 
N,N,N-trimethyl-6-oxo-6-((4-((4-(((1E,4E)-4-(phenylimino)cyclohexa-2,5-dien-1-ylidene)amino)phenyl)amino)phenyl)amino)hexan-1-aminium bromide (EB TANI-PTAB) (9)
8b (135 mg, 0.25 mmol, 1 eq.) was dissolved in DMF (5 mL) and trimethylamine (35 wt.% in ethanol, 0.5 mL, >10eq.) was added. The mixture was stirred until TLC analysis showed no starting material (100% ethyl acetate). When complete, the DMF solution was added dropwise to ice-cold diethyl ether (250 mL) and allowed to fully precipitate overnight in the freezer. When complete, the suspension was centrifuged and washed with further diethyl ether to remove residual DMF. The residue was dried in vacuum to remove ether, then dissolved in deionised water (250 mL). These solutions were centrifuged to remove any water-insoluble impurities and the supernatant decanted and lyophilised, to give the product 9 as a fluffy blue solid (94% yield). 1 Figure S1 . 2D EXSY experiment showing exchange between protons. These exchange signals were excluded from integration to arrive at the correct nuclide count.
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Supplementary analysis
For comparison to computationally modelled UV-Vis transitions, the UV/Vis spectrum of EB TANI-PTAB was recorded in acetonitrile, to avoid the affects of self-assembly observed in aqueous solution. . CD spectrum of EB TANI-PTAB (4 mM, aqueous). Observed signal closely resembles the UV-Vis spectrum of EB TANI-PTAB, and is suggested to arise from macroscopic sample alignment 1 that was inadvertently induced during filling of the narrow pathlength cuvette required to study the very highly absorbing solution and obtain reliable data. No bisignate features occur for the EB state material.
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Computational chemistry: DFT modelling of EB TANI-PTAB Computational details
Calculations which accurately capture the structural and electronic properties of aniline oligomers remain a significant challenge, 2 and were undertaken here to aid the interpretation of experimentally observed properties, focusing on only the simpler emeraldine base (EB) oxidation state of TANI, which has been treated by similar methods previously. 3 The doped species, TANI(CSA)2-PTAB, was not considered, as the modelling of charged radical species with associated anions poses additional computational challenges, outside the scope of the present work. Calculations were performed to support the assignments of experimentally observed UV-Vis transitions, and to predict the orientation of the associated transition dipole moments, for EB TANI-PTAB. The geometry of EB TANI-PTAB was optimised using the B3LYP [4] [5] [6] [7] functional with a standard 6-31G* basis set but with only the five spherical harmonic components of the polarization functions and a polarizable continuum model (PCM) solvation field 8, 9 with water as solvent, as implemented in Gaussian 09, revision D.01. 10 Timedependent DFT (TD-DFT) calculations with the CAM-B3LYP
11 functional (as suggested by Tozer et al. [12] [13] [14] for complexes with increased charge transfer character) were then used to calculate the excitation energies for the first 20 singlet transitions, using the B3LYP-optimised geometry as input. From these calculations the transition dipole moments were also extracted. Visualisation of the transition dipole moment in 3D space was accomplished using GabEdit 15 to overlay the (x, y, z) coordinates of the transitions as produced by TD-DFT calculations on the optimised Cartesian coordinates of TANI-PTAB.
The output of TD-DFT calculations for the first 10 excited states is detailed below, with images of the contributing molecular orbitals (MOs) ( Figure S7 ). While one would expect the TD-DFT to capture well what is happening experimentally, i.e. several MOs of appropriate symmetry contributing to transitions to an excited state, it is worth noting that the standard (non-TD) B3LYP calculation gives a single point HOMO-LUMO gap in good agreement with experimentally observed transitions. This is no longer the case when performing a CAM-B3LYP single point calculation on the same geometry (Table 1) . Additionally, CAM-B3LYP optimised geometries are generally in poorer agreement with available structural data (unpublished results). In contrast, TD-DFT calculations with CAM-B3LYP on the B3LYP optimised geometry give a closer match to the experimentally observed transition energies than do TD-DFT calculations with B3LYP, and this agrees with in-house benchmarking for different functionals (unpublished). We have therefore used this mixed method approach. Table S4 : Atomic coordinates for calculated ground state model of EB TANI-PTAB, and corresponding calculated ground-state energy of the structure.
